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DISPLAY METHOD AND APPARATUS FOR NAVIGATION SYSTEM FOR 
SEARCHING POI AND ARRANGING LISTING ORDER OF POI 

5 This is a continuation-in-part of U.S. Application No. 

10/460,960 filed June 13, 2003. 

Field of the Invention 
This invention relates to a display method and apparatus 
10 ^ for navigation system for route guidance to the destination, 
and more particularly, to a method and apparatus which is 
capable of searching points of interest along the route to 
the destination and listing names of the points of interest 
on a screen in such an order that a user actually sees the 
15 POIs along a calculated route to the destination. 

Background of the Invention 
A navigation system performs travel guidance for 
enabling a user to easily and quickly reach the selected 

20 destination. A typical example is a vehicle navigation 
system where a user drives a car having a vehicle navigation 
system- Such a navigation system detects the position of the 
user or user's vehicle, reads out map data pertaining to an 
area at the current vehicle position from a data storage 

25 medium. Alternatively, such map data can be provided to the 
user from a remote server through a communication network 
such as Internet . 

When a destination is set, the navigation system starts 
a route guidance function for setting a guided route from the 

30 start point to the destination. During the route guidance, 

the navigation system reads the nodes data from the data 
storage medium such as DVD and successively stores the nodes 
data of road segments constituting the guided route in a 
memory. In the actual traveling, the node series stored in 



the memory is searched for a portion of the guided route to 
be displayed in a map display area of the monitor screen, and 
the portion of the guided route is highlighted so as to be 
discriminable from other routes. When the vehicle is within 
5 a predetermined distance of an intersection it is 

approaching, a highlighted intersection diagram with an arrow 
indicating the direction to turn at the intersection is 
displayed to inform the user of the appropriate road or 
direction at the intersection. 

10 Figures lA-lH show an example of overall procedure and 

screen display involved in the navigation system. Figure lA 
shows an example of locator map screen of the navigation 
system when the destination is not specified. Typically, the 
navigation system displays a street on which the vehicle 

15 (current vehicle position VP) is running on a map image and 

a name of the street. Other information such as a north 
pointer NP, a map scale and a current time may also be 
illustrated on the display screen. 

Figures IB- IF show an example of process for specifying 

20 a destination in the navigation system. When selecting a 
"Destination" menu on a main menu screen (not shown) , the 
navigation system displays an "Find Destination By" screen 
as shown in Figure IB for specifying an input method for 
selecting the destination. The "Find Destination By" screen 

25 lists various methods for selecting the destination. The 

methods include "Address" for specifying the city and address 
of the destination, "Intersection" for specifying the names 
of two streets which intersect with one another, and "Point 
of Interest" (POI) for selecting the programmed destination 

3 0 based on the name, category or telephone "number. Other 
methods in the "Find Destination By" screen include "Recent 
Route" for specifying the destination based on the recent 
history of destinations saved in the navigation system, 
"Address Book" for selecting the address of the destination 
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out of the prescribed address list stored in the system, and 
"Today's Plan" for selecting two or more destinations. 

When selecting, for example, the "Point of Interest" 
method in Figure IB, the navigation system displays selection 
5 methods of point of interest (POI) either by "Place Name" or 
"Place Type" in Figure IC. The "Place Name" is to specify 
a name of POI, and the "Place Type" is to specify a category 
of POI. If the "Place Type" is selected in Figure IC, the 
navigation system shows an "Select Category" screen such as 

10 shown in Figure ID. 

Suppose the user selects "Restaurant", the navigation 
system retrieves the POIs in the selected category, 
restaurant, in this case, as shown in Figure IE. Typically, 
names of POIs (restaurants) will be listed in the order of 

15 distance from the user (ex. current vehicle position) . If 
the user selects a particular restaurant from the list, the 
navigation system displays a "Confirm Route" screen such as 
shown in Figure IF. In this example, the "Confirm Route" 
screen lists the name, address and phone number of the 

20 destination (POI specified by the user) . If this is the 
correct destination, the user enters an "OK to Proceed" key 
to proceed to the next procedure. 

In Figure IG, the navigation system calculates and 
determines a route to the destination, i.e., the selected 

25 POI. The navigation system determines a route to the 

destination based on, for example, the shortest way to reach 
the destination, the route using many free ways as possible 
or the route without using toll road, and the like. In this 
example, the navigation system displays a progress scale of 

30 the calculation of the route. 

After determining the guided route, the navigation 
system starts the route guidance as shown in Figure IH to 
guide the user along the calculated route to the destination. 
Typically, the navigation system shows the intersection which 

35 is highlighted to show the next turn and a direction of the 



turn. Such route guidance by the navigation system is also 
accompanied by voice instructions. 

The foregoing is a typical example of using the "Point 
of Interest (POI) " input method of the navigation system. 
5 Because the recent storage medium provides, a large volume of 
POI data, this input method can be used in various 
applications. For example, suppose a user is driving a car 
for a relatively long trip and the final destination is 
already specified in the vehicle navigation system, i.e., a 

10 calculated route to the destination is established. During 
the trip to the destination, the user wants to stop by 
various places such as a gas station, restaurant, shopping 
mall, etc., along the calculated route. Alternatively, the 
user may simply want to enjoy seeing various places 

15 surrounding the calculated route to the destination with use 

of the list of POI names on the monitor screen. 

Thus, there is a need of a function in a navigation 
system for searching POIs along the calculated route to the 
destination during the trip. It is preferable to sort the 

20 searched POIs by distance ranges on the display. There is 

also a need of a display method for listing the POIs along, 
the calculated route in the order that the user actually see 
them when he is moving. Such a situation is shown in Figures 
2A-2E where a user is travelling to the destination (Best) 

25 while listing POIs of selected category such as "Restaurant". 

Figure 2A shows an example of calculated (guided) route to 
the destination where the user (vehicle position VP) is at 
a position A. Typically, the user selects to list the POIs 
in the order of distance from the user's current position as 

30 shown in Figure 2B. Figure 2C shows an example of listing 

the POIs (restaurants) in the order of distance. 

When sorting POIs by distance, generally, the distance 
for each POI is measured along the drive length on the road 
rather than the straight-line length. Thus, in the example 

35 of Figure 2A, the POI names will be listed in the order of 



"Pizza Hut", "Hard Rock Cafe", "Inka", "Genkai" and "Sushi 
Boy" as shown in Figure 2C. The order of POIs in the list 
of Figure 2C may not be the order that the user actually sees 
while driving the calculated route. 
5 For example, at the position A, "Hard Rock Cafe" looks 

closer to the user than "Pizza Hut". This is because the 
straight-line distance of "Hard Rock Cafe" is smaller than 
that of "Pizza Hut". However, the actual drive length to 
"Hard Rock Cafe" is longer than that of "Pizza Hut" because 

10 of the particular road situation. Thus, the POI list of 
Figure 2C correctly lists "Pizza Hut" prior to "Hard Rock 
Cafe". In this situation, however, it is preferable that 
"Hard Rock Cafe" is listed prior to "Pizza Hut" because there 
is not a significant difference in the total drive length to 

15 either POI, and the user sees "Hard Rock Cafe" closer than 
"Pizza Hut" . 

Further, at the position A, the user sees and feels that 
"Genkai" is closer to the user than "Inka" although the 
actual length along the road to "Genkai" is much longer than 

20 that of "Inka". Thus, at the position A, if the selected 

category of POIs (ex., restaurants) are sorted by distance 
(Figure 2D) , the order shown in Figure 2E may match what the 
user actually sees rather than the order of Figure 2C. 
However, because there is a significant difference in the 

25 actual drive length between "Inka" and "Genkai" it may not 
be appropriate to list the order of these POIs in a manner 
too inconsistent to the actual drive length. Further, at the 
position of B, the order of actual distance (road length) and 
the order of actual view (straight -line length) between 

30 "Inka" and "Genkai" are the same. 

In other words, the order of POIs that the user can 
actually see varies dynamically depending the position and 
the surrounding conditions of the calculated route. Further, 
in such a situation of Figure 2A, a POI which is 

35 substantially deviated from the route such as "IHOC" should 



be excluded from the POI list. Thus, there is a need of a 
display method for a navigation system that can search POIs 
along the route to the destination within a predetermined 
transversal range and list the POIs in an order that a user 
5 actually see while taking consideration of balance with 
actual drive lengths to the POIs. 

Summary of the Invention 
It is, therefore, an object of the present invention to 

10 provide a display method and apparatus for a navigation 
system which is capable of searching the names of points of 
interest (POIs) along the route to the destination based on 
predetermined distance ranges. 

It is another object of the present invention to provide 

15 a display method and apparatus for a navigation system which 
is capable of listing the numbers of points of interest 
(POIs) along the route to the destination on a list of 
predetermined distance ranges and illustrating a current 
position of the user on the list of distance ranges. 

20 It is another object of the present invention to provide 

a display method and apparatus for a navigation system which 
is capable of listing the names of points of interest (POIs) 
in such an order that the user sees the POIs when traveling 
along the route to the destination. 

25 The navigation system of the present invention is 

designed to search POIs along the calculate route to the 
destination with respect to distance ranges on the calculate 
route and to allow the user to select the distance range to 
see details of the POIs therein while displaying the current 

30 user position in the distance. The navigation system is 
further designed to search POIs within a specified search 
area and to calculate a modified distance of each POI and to 
list the POIs in the order of modified distance in such a 
sequence that the user actually sees the POIs as he travels 

35 along the guided route to the destination. 



More specifically, the method of the present invention 
includes the steps of: determining a route to the 
destination, specifying a search area along the route to the 
destination by dividing the route from a user position to the 
5 destination into distance ranges and by defining a 
transversal distance from the route, retrieving points of 
interest (POIs) within the search area, displaying a list of 
distance ranges where each distance range shows a number of 
POIs retrieved within the distance range, and displaying a 
10 list of POI names in a distance range selected by a user in 
an order determined by modified distance of the POIs 
calculated by a predetermined algorithm. A mark showing a 
current position of a user is illustrated in a corresponding 
distance range. 

15 In the display method of the present invention, the 

process of defining the search area includes a process of 
defining a radius of a region circle and creating a plurality 
of region circles consecutively on the route, and the process 
step of listing the POI names includes a process of 

20 calculating the modified distance of each POI based on 
distances from two (first and second) reference points on the 
route in two consecutive region circles to the POI and 
distances from the user position to the two reference points. 
In the method of the present invention, the modified 

25 distance of each POI is calculated by: 
Dl = [(Qk-i + dii) + (Qj, +di2)]/2 
where Dl is a modified distance of a particular POI, d^ is 
a straight-line distance between the first reference point 
and the POI, d^j is a straight-line distance between the 

30 second reference point and the POI, Q,^,i is a traveling 
distance along the route between the user position and the 
first reference point, and is a traveling distance along 
the route distance between the user position and the second 
reference point. 
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Preferably, the first reference point is a center of one 
of the two consecutive region circles and the second 
reference point is a center of another region circle. In the 
case where the modified distances of two or more POIs in the 
5 consecutive two region circles are identical to one another, 
a POI whose distance d^ from the first reference point is 
shorter than that of the other POIs is given the priority for 
determining the listing order. 

Another aspect of the present invention is a display 

10 apparatus for a navigation system. The display apparatus is 
constituted by various means for achieving the display 
methods described above which searches POIs within the 
specified search area and calculates the modified distance 
of each POI and lists the POIs in the order of modified 

15 distance in such an order that the user actually sees the 
POIs as he travels along the guided route to the destination . 

According to the present invention, the navigation 
system searches POIs along the calculate route to the 
destination with respect to distance ranges on the calculate 

20 route and allows the user to select the distance range to see 
details of the POIs therein while displaying the current user 
position in the distance range. The navigation system 
searches the POIs along the route to the destination and 
calculates a modified distance of each POI to list the POIs 

25 in the order that the user actually sees the POIs as he 
travels along the guided route to the destination. 

For determining the listing order, the method and 
apparatus of the present invention uses a plurality of region 
circles having their centers on the route to the destination, 

30 retrieves POIs contained in the region circles and quickly 

calculates a modified distance of each POI by using adjacent 
centers of the region circles, compares the calculated 
distances and displays the POIs on the name list in the order 
of the modified distance. Consequently, the user will view 

35 the POI names on the name list in such a sequence that he 



actually sees the POI along the route to the destination. 
Therefore, the user can easily find out preferred POIs in the 
order listed in the POI list on the monitor screen. 
Moreover, the navigation system in the present invention can 
5 provide the user good estimation and preparation to stop by 
the favorite POIs along the route. 

Brief Description of the Drawings 
Figures lA-lH are schematic diagrams showing an example 
10 operational process and display example of navigation system 
for implementing the method and apparatus of the present 
invention. 

Figure 2A is a schematic diagram showing an example of 
guided route to the destination with POIs along the route and 

15 Figures 2B-2C are schematic diagrams of display examples 
showing the POIs sorted by distance based on drive lengths 
to the POIs, and Figures 2D-2E are schematic diagrams of 
display examples showing the POIs sorted by distance based 
on actual view by the user. 

20 Figure 3 is a block diagram showing an example of 

structure of the navigation system implementing the present 
invention for searching POIs for each distance range along 
the route to the destination and displaying the POIs in the 
order that the user actually see the POIs. 

25 Figure 4 is a functional block diagram showing a basic 

structure of the apparatus of the present invention for 
searching POIs for each distance range along the route to the 
destination and displaying the POIs in the order that the 
user actually see the POIs. 

30 Figures 5A-5B are schematic diagrams showing a route to 

the destination and POIs along the route where POIs are 
searched per distance ranges and listed on the display in the 
order determined by the method of the present invention. 

Figures 6A-6H are schematic diagrams showing display 

35 examples in the navigation system of the present invention, 



and illustrating steps of searching and listing POIs along 
the route in such a sequence that a user actually sees the 
POIs on the calculated road to the destination. 

Figures 7A-7D are schematic diagrams showing display 
5 examples in the navigation system of the present invention 
for searching POIs along the route and listing the list of 
distance ranges with numbers of POIs detected in the 
corresponding distance range while indicating the current 
user position on the distance range. 
10 Figures 8A-8B are schematic diagrams showing display 

examples in the navigation system of the present invention 
for retrieving detailed information of POIs in the selected 
distance range specified in the process of Figure 7D. 

Figure 9A is a schematic diagram showing ranges of 
15 distances for sorting POIs along the calculated route to the 
destination and Figure 9B is a schematic diagram showing a 
concept of circle regions on the calculated route for 
implementing the method of the present invention. 

Figure lOA is a schematic diagram to show a method of 
20 calculating a straight-line POI distance by Pythagoras 
theorem and Figure lOB is a schematic diagram showing a 
problem involved in calculating the straight-line distance 
of POIs when the road is U-turned. 

Figures IIA-IIB are schematic diagrams showing the 
25 method of the present invention for calculating the modified 
POI distance to arrange an order of listing the POIs in the 
order of distance. 

Figure 12 is a schematic diagram showing a special 
situation involved in the method of calculating the POI 
30 distance in the present invention of Figures IIA-IIB. 

Figure 13 is a schematic diagram showing a generic 
illustration for explaining the method of the present 
invention for calculating the modified POI distance. 
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Figure 14 is a flow chart showing an overall process for 
arranging an order of displaying POIs by the navigation 
system of the present invention. 

5 Detailed Description of the Invention 

The present invention will be described in detail with 
reference to the accompanying drawings. The navigation 
system of the present invention is designed to detect and 
display points of interest (POI) along the route to the 

10 destination that are sorted into distance ranges. As the 
user moves in following the calculated (guided) route to the 
destination, a mark indicating a vehicle (user) position will 
change accordingly to inform the user about the current user 
position with respect to the distance range. Further, the 

15 navigation system of the present invention is designed to 
enable a user to easily view the names of points of interest 
(POI) on a POI list wherein the POI names are arranged in 
such a sequence that the user actually sees the POIs as he 
travels along the guided route to the destination. 

20 The display method and apparatus of the present 

invention is advantageously applicable to a vehicle 
navigation system. Figure 3 shows an example of structure 
of a vehicle navigation system implementing the present 
invention. It should be noted that the present invention can 

25 also be applied to a portable navigation device such as a one 
implemented by a PDA (personal digital assistant) device, a 
lap-top computer, or other hand-held devices. 

In the block diagram of Figure 3, the navigation system 
includes a map storage medium 31 such as a CD-ROM, DVD, hard 

30 disc or other storage means (hereafter "DVD") for storing map 
information, a DVD control unit 32 for a controlling an 
operation for reading the map information from the DVD, a 
position measuring device 33 for measuring the present 
vehicle position. The position measuring device 33 has a 

35 vehicle speed sensor for detecting a moving distance, a 
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gyroscope for detecting a moving direction, a microprocessor 
for calculating a position, a GPS receiver, and etc. 

The block diagram of Figure 3 further includes a map 
information (data) memory 34 for storing the map information 
5 which is read out from the DVD 31, a database memory 35 for 
storing database information such as point of interest (POI) 
information which is read out from the DVD 31, a remote 
controller 37 for executing a menu selection operation, an 
enlarge/reduce operation, a destination input operation, etc. 

10 and a remote controller interface 38. 

The navigation system further includes a bus 36 for 
interfacing the above units in the system, a processor (CPU) 
39 for controlling an overall operation of the navigation 
system, a ROM 40 for storing various control programs such 

15 as a route search program and a map matching program 
necessary for navigation control, a RAM 41 for storing a 
processing result such as a guide route, a display controller 
43 for generating a map image (a map guide image and an arrow 
guide image) on the basis of the map information, a VRAM 

20 (Video RAM) 44 for storing images generated by the display 

controller, a menu/list generating unit 45 for generating 
menu image/various list images, a synthesizing unit 46, a POI 
search and display controller 47, a buffer memory 48, a 
wireless receiver 49, and a monitor (display) 50. 

25 A POI search and display controller 47 directly relates 

to the present invention. The POI search and display 
controller 47 has a function of searching POIs along the 
guided route to the destination per distance ranges and 
arranging the POIs on the monitor 50 as to which POIs should 

30 be included in a POI list. The POI search and display 
controller 47 displays a list of distance ranges and a number 
of POIs detected in a distance range while showing a mark 
indicating a user's current position in the distance range. 
The POI search and display controller 47 arranges an order 

35 of listing the POIs based on the distance from the current 
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vehicle position as well as the actual order that the user 
can see the POIs when traveling on the guided route. The 
more detailed description about this function and operation 
will be given below with reference to Figures 4-14. 
5 Figure 4 is a functional block diagram showing an 

example of basic structure of the apparatus of the present 
invention for searching POIs along the calculated route to 
the destination, displaying a list of distance ranges with 
numbers of POIs, and listing the POI names in the order 

10 unique to the present invention. The structure of Figure 4 
is illustrated by the components in the block diagram of 
Figure 3 that are directly related to the operation of the 
present invention. The components of the apparatus of the 
present invention includes a monitor 50 for interfacing with 

15 the user and displaying the search results, and a POI search 
and display controller 47 for controlling an overall 
operation of the display method and apparatus of the present 
invention. 

The block diagram of Figure 4 further includes a map 

20 data storage 31 such as a DVD or a hard disc for storing map 
data, a map memory 34 for storing map data from the map data 
storage 31, a position measuring device 33 for detecting a 
current position of the user, and a buffer memory 48 for 
temporarily storing various types of data for operation and 

25 data processing of the apparatus. In an actual application, 
the POI search and display controller 47 can be implemented 
by the CPU 39 in Figure 3 or by a separate controller such 
as a microprocessor. Further, the buffer memory 48 can be 
implemented by RAM 41 in Figure 3 or other memory. 

30 Prior to the POI search along the route, the user 

specifies a destination, and accordingly, the navigation 
system produces a calculated route to the destination. Then, 
the user instructs the navigation system to search POIs along 
the calculated route to the destination by, for example, 

35 selecting a "Find POI along Route" key in Figure 6B. 
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Typically, the user selects a type of POIs such as, fast food 
restaurant, gas station, etc., for which the POI search along 
the route is to be conducted. As shown in Figure 4, the POI 
search and display controller 47 retrieves the map data from 
5 the map memory 34 and map data storage 31 along the 
calculated route to the destination. 

The POI search and display controller 47 receives 
information from the position measuring device 33 showing the 
current vehicle (user) position and defines distance ranges 

10 between the current position and the destination. The POI 
search and display controller 47 also defines a width of the 
search, i.e., a transversal distance Dt from the route 
(Figures 5A and 9A) , such as quarter miles. The POI search 
and display controller 47 searches POIs along the calculated 

15 route from an initial distance range specified by the user 
by reading the map data from the map memory. The retrieved 
data is preferably stored in the buffer memory 48. 

The POI search and display controller 47 controls the 
monitor 50 to display a list of distance ranges in which a 

20 number of POIs detected is indicated in the corresponding 
distance range. Preferably, based on the information from 
the position measuring device 33, the POI search and display 
controller 47 causes the monitor 50 to display a mark showing 
the current user (vehicle) position in the corresponding 

25 distance range. If the user requests more detailed 

information on the POIs in a particular distance range, the 
POI search and display controller 47 causes the monitor 50 
to display list of POI names and other information in the 
selected distance range. 

30 As noted above, the order of listing the POI names is 

determined to be an order that the user actually see the POIs 
rather than the actual drive lengths . For determining the 
listing order, the POI search and display controller 47 uses 
a plurality of region circles having their centers on the 

35 route to the destination, retrieves POIs contained in the 
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region circles and quickly calculates a modified distance of 
each POI by using adjacent centers of the region circles, 
compares the calculated distances and displays the POIs on 
the name list in the order of the modified distance. The 
5 buffer memory 48 temporarily stores the data necessary for 
calculating and comparing the distances of POIs. 

The situation where the display method of the present 
invention is applicable is schematically shown in Figures 5A- 
5B which illustrate a route to the destination and POIs along 

10 the route where POIs are searched per distance range. The 
POIs detected along the route are listed on the display in 
the order determined by the method of the present invention. 
As noted above, the order of listing the POIs along the route 
is not necessarily in the order of drive length but rather 

15 in the order that the user actually see the POIs when moving 

along the calculated route. 

A reference number 61 indicates a current position of 
the vehicle (user) travelling through a calculated route 62 
to a destination 63, and reference numbers 55 indicate POIs 

20 along the calculated route 62. In both Figures 5A and 5B, 

the calculated route 62 to the destination is divided by 
distance ranges such as 2 miles, 5 miles, and 10 miles . 
Typically, such distance ranges will be assigned when the 
navigation system starts the operation for searching POIs 

25 along the calculated route in Figure 5A. 

If the distance ranges on the display constantly change 
upon changes of the current user position, the user will be 
confused. Thus, the distance ranges assigned in Figure 5A 
preferably are unchanged even when the user proceeds on the 

30 route 62 as shown in Figure 5B until specifically requested 

by the user. The navigation system detects the POIs within 
a predetermined distance from the calculated route, i.e., a 
width Dt of two parallel lines outside of the calculated 
route 62. Typically, the user specifies a category of POIs, 

35 such as restaurant or gas station, so that the navigation 
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system detects the POIs in the selected category and sorts 
the detected POIs by the distance range. 

Figures 6A-6H show an example of process in the display 
method of the present invention for specifying the 
5 destination, retrieving POIs along the route to the 
destination for each distance range, and observing detailed 
information on a selected POI. In this example, it is 
assumed a situation where a user wants to stop by a way point 
such as a gas station while traveling to the final 

10 destination. The navigation system has already determined 
a calculated (guided) route to the destination, thus, the 
user wants to find a preferred gas station on or close to the 
calculated route. 

Figure 6A illustrates a map image 60 on the navigation 

15 system showing the calculated (guided) route 62 for guiding 
the user to the destination 63. In this example, a reference 
number 61 indicates a user position such as a current vehicle 
location. A reference number 61' shows a situation where the 
user is off the route to the destination in which the POI 

20 search process along the route in the present invention will 
not performed. It should be noted that, within the concept 
of the present invention, the term "user position" is not 
limited to an actual position of the user but includes any 
imaginary position on or close to the calculated route 62 . 

25 Typically, the calculated route 62 to the destination 63 is 
highlighted on the screen so that it is easily discernible 
by the user. In this example, text data indicating the 
current user position is also given in the lower box 64 by 
latitude and longitude detected by GPS. 

30 When executing a "Select" menu on the screen of Figure 

6A, the navigation system displays a menu screen 65 as shown 
in Figure 6B for selecting the next activity. In this 
example, the menu includes "Display Entire Route", "Find POI 
along Route", "Change Routing Method" and "Delete 

35 Destination" menus. When the "Display Entire Route" menu is 



selected, the navigation system displays the entire guided 
route from the current user position 61 to the destination 
63 on the map such as shown in Figure 6A. When the "Find POI 
along Route" menu is selected, the process of the present 
5 invention starts for finding POIs along the route to the 

destination within a specified range. When the "Change 
Routing Method" menu is selected, the user can change the 
method of selecting the route to the destination such as the 
shortest way to reach the destination, the route using many 

10 free ways as possible or the route without using toll road, 
and the like. When the "Delete Destination" menu is 
selected, the user can re-enter a new destination, then, the 
navigation system calculates a route to the new destination. 
In this case, the user selects the "Find POI along 

15 Route" menu because he wants to fill-in the gas at a gas 
station on or close to the guided route 62 to the destination 
63. In response, the navigation system displays a "Select 
Type" screen 66 as shown in Figure 6C. The screen 66 shows 
a list of POI categories such as "Education", "Emergency", 

20 "Entertainment", "Financial Services", "Gas Stations", 

"Government" and so on. Since the user wants to search a gas 
station in this case, he selects the POI type "Gas Stations" 
from the list. Then, the navigation system displays a 
"Select Initial Search Range" screen 67 such as shown in 

25 Figure 6D. 

The list on the screen 67 of Figure 6D typically 
includes several ranges of distance such as "within 2 miles", 
"2-5 miles", "5-10 miles", "10-20 miles", "20-30 miles" and 
the like. This list is used to specify an initial search 

3 0 range for searching POIs by the navigation system. 

Alternatively, without using the step of selecting the 
initial search range by the user, the navigation system 
starts searching the POIs along the route for each distance 
range immediately after selecting the POI category. 
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The following example shows a case where the user 
selects the initial search range. If the user selects 
"Within 2 miles" as an initial search range, then the 
navigation system searches POIs of the selected category (gas 
5 station) starting from the first distance range where the 

vehicle is currently located. If the user selects "5-10 
miles" as an initial search range, then the navigation system 
searches for POIs (gas stations) of the selected category 
starting from 5 miles ahead from the current user (vehicle) 

10 position. In other words, the navigation system will not 
retrieve the POIs in the distance range that is less than 5 
miles from the current user position. 

When the user selects "Within 2 miles" in Figure 6D, the 
navigation system searches the gas stations for each range 

15 along the calculated route 62 in a manner shown in Figure 6E. 

This example shows that two gas stations are found within 2 
miles, two gas stations are found in the distance range of 
2-5 miles, and five gas stations are found in the distance 
range of 5-10 miles. This example also shows that the 

20 navigation system is still searching the gas stations in the 

distance range of 10-20 miles (shown by numeral 68) and that 
the search process for the distance ranges 20 miles or 
greater is not started. 

While the vehicle is traveling toward the destination 

25 and thus, the current vehicle position is changing, it is 
possible that the navigation system continuously searches the 
POIs for the distance ranges. However, if the navigation 
system constantly searches and calculates the POIs, the 
resultant POI list frequently changes, which may confuse the 

30 user. Thus, it is preferable that the navigation system 
performs the process of Figures 6E-6H only when the user 
activates (resets, etc.) this process. 

If the vehicle is moving while the POI search is being 
processed, the moved distance is deducted from the searched 

35 distance of the POIs, and the navigation system displays the 
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POIs behind the vehicle position as minus distance. Thus, 
in Figure 6F, if the user has already moved to a point more 
than 5 miles from the point where the POI search has started, 
"Within 2 miles" and "2-5 miles" ranges are denoted by the 
5 minus signs. This also indirectly indicates in which 

distance range the user is currently located. Further, as 
noted above, if the user is off the route to the destination 
by more than a predetermined distance as shown by the mark 
61' in Figure 6A, the POI search process is suspended. 

10 After completing the calculation, the search result is 

displayed such as shown in a "Select Search Range for 
Details" screen 69 of Figure 6G. The list shows the number 
of POIs (gas stations) in each distance range. In this 
example, the user selects the distance range "10 to 20 miles" 

15 (shown by numeral 70) in Figure 6G. Then, in Figure 6H, the 

navigation system displays a POI name list where three gas 
stations (POIs) "Gardena Mobil Mart", "Arco" and "TRMI" 
within the 10-20 mile range from the initial user position 
are listed. In the present invention, these gas stations are 

20 listed in the order such that the user will see them as he 

drives along the route by the display method of the present 
invention described later. In other words, this order may 
not necessary be the same as the order of actual travel 
distance (drive length) along the roads from the current 

25 vehicle position. 

Therefore, in traveling along the route, the user will 
see way points, in this case, gas stations, along the route 
in the order listed on the POI name list. This feature gives 
the user a good estimate of seeing the next POI during the 

30 travel. If the user wants to be guided to the gas station, 
he selects a gas station in the POI list in Figure 6H, and 
the navigation system displays the "Confirm Route" screen 
such as shown in Figure IF. Then, by further selecting "OK 
to Proceed", the navigation system calculates the route to 
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the gas station and starts to perform the route guidance such 
as shown in Figures IG and IH to the selected gas station. 

Figures 7A-7D show the display examples on the 
navigation system of the present invention where the current 
5 vehicle (user) position 61 is marked on the distance range. 
. When the user's vehicle moves to the next distance range, the 
mark showing the current position 61 will be shifted to the 
corresponding distance range in the list. In the example of 
Figure 7A, the current vehicle position 61 is marked in the 

10 distance range of "Within 2 miles". The navigation system 

is still searching POIs along the route for the distance 
ranges of 2 0-30 miles or higher. 

As the user's vehicle proceeds on the route to the 
destination, the mark moves to the next distance range as 

15 shown in Figure 7B. In the example of Figure 7B, the POI 

search process has completed for all the distance ranges, 
thus the numbers of POIs detected are listed for all of the 
distance ranges. The user is able to select one of the 
distance ranges to retrieve more detailed information 

20 regarding the POIs in the selected distance range. 

Figure 7C shows the case where the current vehicle 
position is now in the 5-10 miles range. In this manner, the 
list of the distance ranges produced when starting the POI 
search operation based on the user's position at that time 

25 remain unchanged- In response to the changes of the user 

position, the navigation system illustrates the mark 
indicating the current user position 61 in the distance 
range. Figure 7D shows the case where the current vehicle 
position is further advance to the 10-20 miles range. In 

30 this example, the user specifies the 30-50 miles range to 

retrieve the detailed information on the POIs in this range. 

Figures 8A and 8B are display examples showing detailed 
information about POIs within a particular distance range 
selected in the manner shown in Figure 7d. In Figure 8A, 

35 POIs in the selected distance range are arranged in the order 



of distance. As will be described in detail later, in the 
present invention, the order of distance is modified to the 
order that the user will actually see in following the guided 
route. Although only three POIs are shown, more POIs may be 
5 listed at the same time. A scroll bar 69 is provided on the 
screen so that the user can see more POIs. 

Figure 8B is another example of the display showing 
detailed information on the POIs within the selected distance 
range. In this case, POI names 73 are listed from which the 

10 user can select a particular POI to display its detailed 
information. The detailed information is shown in an area 
73 of the display which includes the address and the type of 
the POI. As described above, the navigation system of the 
present invention is capable of informing the current user 

15 position with respect to the list of distance ranges where 
each distance range indicates the POIs along the calculated 
route to the destination. 

As noted above, in the present invention, POIs along the 
route to the destination are listed in the order such that 

20 the user will see them as he drives along the route. This 
means that the order listed on the navigation screen may not 
necessary be the same as the order of actual travel distance 
(drive length) along the roads from the current vehicle 
position. In the following, a detailed method of arranging 

25 an order of listing POIs in the present invention is 
described with reference to Figures 9A-14. 

Figure 9A shows an example as to how POIs (75a- 75f) are 
distributed along the route and which POIs are retrieved for 
the purpose of the present invention. The numeral 61 

3 0 indicates a current user position, typically, a current 

vehicle location, but it can be any imaginary point on the 
route 62. The route 62 is divided into several distance 
ranges, such as 0-2 miles, 2-10 miles and 10-50 miles from 
the current user position 61. These distance regions 

35 correspond to the search ranges in the display example shown 



in Figures 5A-5B and 6E-6G although only three ranges are 
shown here. In order to arrange an order of listing the POIs 
on the route to the destination, the navigation system 
compares distances of all of the POIs {75a-75f) from the 
5 current vehicle position 61. 

Further, for retrieving only POIs close to the 
calculated route 62, similar to the example of Figures 5A-5B, 
a distance Dt which is transversal to the calculated route 
62 is specified in a manner shown in Figure 9A. Thus, only 

10 POIs within a predefined width along the calculated route 62 
are retrieved and measured their distances for determining 
the listing order. Thus, POIs 75g and 75h in Figure 9A are 
not retrieved as entries for POI listing. In other words, 
a search area is specified by the distance range (ex. , 10-50 

15 miles) and the transversal distance Dt . As an example, such 
a transversal distance Dt is a quarter miles for local 
streets, and a half mile or more for freeways. Preferably, 
the distance Dt is preset in the navigation system and can 
be changed by a user through a set-up process of the 

20 navigation system. 

Figure 9B shows an example of basic concept of the 
present invention using region circles which divide the route 
62 into a plurality of segments each having a constant radius 
R. By creating the region circles continuously along the 

25 route 62, it is clear that the radius R functions as the 

transversal distance Dt to define the width along calculated 
route 62. In other words, the radius R corresponds to the 
transversal distance Dt . Thus, the radius R is typically in 
the order of 0.2-1 miles. In the example of Figure 9B, a 

30 center Sn (n is an arbitrary natural number) of each region 
circle is on the calculated route 62. Further, the position 
of the center Sn of each region circle is at a point where 
the circumference of the immediately prior region circle 
intersects with the calculated route 62. 
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The first region circle (Region 1) is established in the 
manner of Figure 9B where the center SI of the circle is at 
a position which is away from the current vehicle position 
61 by the radius R if the search area includes the current 
5 user position. In the case where the distance range is away 
from the user position such as 2-10 miles in Figure 9A, the 
first region circle can be established at the 2 mile point. 
As shown in Figure 9B, the center S2 of the next region 
circuit (Region 2) is a position where the first region 

10 circle intersects with calculated route 62. 

Namely, the points where the circumference of one region 
circle intersect with the calculated route are the centers 
of other region circles such as S^.i, S,^ and S^^^^. Defining a 
plurality of region circles in this manner to cover a 

15 predetermined search area specified by the distance range, 
such as within 2 miles, 2-10 miles, etc. and the radius R of 
the region circles, the navigation system retrieves the 
specified type of POIs within the region circles. As noted 
above, typically, the POIs are retrieved with use of the map 

20 data and POI data in the map storage medium 21 such as DVD. 

Thus, POIs 76 and 77 within the region circles of Figure 9B 
will be retrieved by the navigation system. 

For the purpose of the present invention, the distance 
between a particular POI and a current vehicle position (user 

25 position) can be determined through a Pythagoras theorem in 
the manner shown in Figure lOA. Because this method 
calculates the straight line distance between the user and 
the POI to determine the order of POI listing, it is expected 
that the resultant order matches the actual order that the 

30 user will see the POIs. In this method, for calculating a 

length of a hypotenuse of a right triangle, lengths of two 
sides of the triangle are used. 

Thus, in Figure lOA, the straight-line distance dl 
(hypotenuse) between the current position 61 and the POI 76 

35 is calculated by two distances (Q + D^^ and d^y) which 



intersect at a right angle with one another. Similarly, the 
straight-line distance d2 (hypotenuse) between the current 
position 61 and the POI 77 is calculated by two distances (Q 
+ and djy) which intersect at a right angle with one 

5 another. By using the two distances, each straight-line 
distance is expressed by the following equations: 

dl^ = (Q + DiJ' + d,/ 

d22 = (Q + + d^/ 

However, this method is not practical because it takes 

10 time to find the values of line segment such d^y or dsy that 

is perpendicular to the route. Especially, because the route 
62 to the destination is not always a straight line, it is 
necessary to determine the angle of the route 62 at which the 
line segments intersect with the route at right angle, which 

15 requires a complicated calculation process. Thus, the 

navigation system has to spend a long time to calculate the 
distance between the user position and the particular POI. 

Another problem involved in the method of Figure lOA is 
shown in Figure lOB where the route to the destination is U- 

20 turned or zig-zag curved. In the example of Figure lOB, the 

straight -line distance between the user position 61 and each 
POI 81, 82 and 83 can be calculated by the method of Figure 
lOA. As a result, the navigation system determines that the 
straight-line distance to the POI 83 is smaller than that of 

25 the POI 81 or POI 82. Even though the user can see the POI 

83 closer to him than the other POIs 81 and 82, the drive 
length to the POI 83 is the longest. Thus, it is not 
appropriate to display the POI 83 prior to the POIs 81 and 
82 in the POI name list. Therefore, although the method 

3 0 using the Pythagoras theorem can be used in the present 
invention, it is not the best approach. 

Figures IIA-IIB show the concept of the preferred 
embodiment of the present invention. This method utilizes 
the region circles of Figure 9B in which both (1) a distance 

35 along the calculated route from the user position to a center 



of particular region circle and (2) a straight-line distance 
from the center to the particular POI, are used to determine 
the modified distance to the POI, This approach is able to 
avoid the problem of Figure lOB because the distance (drive 
length) along the route is included as one parameter of the 
distance calculation. Further, in the method of the present 
invention, the distances of the POIs can be determined in the 
order that the user can actually see the POIs. 

In the example of Figures llA and IIB, the computation 
of each POI distance (modified distance) is performed with 
use of two reference positions which are centers (first 
center and second center) of the two consecutive region 
circles. The straight-line distance between the first center 
and a POI as well as the straight -line distance between the 
second center and the POI are used to determine the modified 
POI distance. The drive lengths along the calculated route 
from the current user position to the first and second 
centers are also used in the calculation. 

More specifically, in Figure llA, two consecutive region 
circles k-1 and k are shown where POIs 91 and 92 are found 
within an area defined by the two region circles. A first 
center S^-i is a center of the region circle k-1 and a second 
center is a center of the region circle k. The distance 
between the first center S^.i and the POI 91 and the distance 
between the second center By. and the POI 91 are denoted by d^ 
and di2/ respectively. The distance between the first center 
Sj^.i and the POI 92 and the distance between the second center 
Sj^ and the POI 92 are denoted by d2i and dja/ respectively. 
In the present invention, the modified distance of each POI 
is calculated by using the two distances (d^ and d^j/ and 
d22) from the first and second centers {S^_^ and S^) as well as 
the drive lengths Q^.i and Q,^ to the first and second centers 
(S„.i and Sk) . 

One of the reasons that the distances from the two 
centers (or generally, two reference points) are considered 
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is to avoid errors in determining the listing order of POIs. 
For example, in the example of Figure llA, if the distance 
from only the second center Sj^ is taken into consideration, 
the navigation system will judge that the POI 92 is closer 
5 than the POI 91 because the distance das is shorter than the 

distance di2. Since it is clear that the user will see the 
POI 91 first when traveling along the calculated route 62, 
this judgement is incorrect. In the present invention, 
however, since the first and second centers S),.i and S,^ are 

10 used as the reference positions for calculating the modified 
POI distances, it is possible to avoid this type of error. 

As noted above, in calculating the POI distance, the 
distances between the user position (current vehicle 
position) 61 and the first and second centers S^.i and are 

15 also incorporated. In Figure llA, the distance between the 
user position 61 and the first center S^.i is denoted by Qk-i/ 
and the distance between the user position 61 and the second 
center Sj, is denoted by Q,^. With use of the above 
parameters, the modified distance Dl for the POI 91 and the 

2 0 modified distance D2 for the POI 92 are calculated by the 
following equation: 

Dl = [(Qj,.i + d,J + (Q^ +di2)]/2 (1) 

D2 = [(Qk,i + dsJ + (Qk +d22)]/2 (2) 

As shown in the above equations (1) and (2) , the POI 

25 distance is obtained by incorporating both the drive length 

along the road (ex. Q^.i, Q^) and the straight -line length 
(ex. dii, di2/ d2i and (^22) . The order of listing the POIs 
which are sorted by distance well matches the order that the 
user actually see the POIs when traveling along the 

30 calculated route 62 to the destination. One of the reasons 
is that, within the particular region circle, the straight- 
line distance (rather than the drive distance on the road) 
is used for calculation. Thus, In the example of Figure 2A, 
"Hard Rock Cafe" will be listed prior to "Pizza Hut" even 
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though the actual drive length to "Hard Rock Cafe" is longer 
than that of "Pizza Hut". 

In the method of the present invention, even if there 
arises an inconsistency in the arrangement of POI listing 
5 order, such an inconsistency will be negligible for actual 

application to the navigation system because the visual sense 
of a user does not require an absolute accuracy. Further, 
because the drive length along the route is incorporated in 
the calculation, the problems associated with the U-turn road 

10 such as shown in Figures 2 A and lOB (where actual drive 

length is significantly different from the straight-line 
length) will not occur in the method of the present 
invention. Further, the navigation system is able to perform 
the calculation easily and quickly because the equations (1) 

15 and (2) noted above are simple and the information on each 
position of the POIs is given in latitude and longitude by 
the map data. 

Figure IIB shows the method of the present invention 
which is basically the same as that of Figure llA although 
20 the illustration is slightly modified for better 

understanding. Since = Q^.i + R, the above noted equations 
(1) and (2) can be modified as follows: 

Dl = [{Qk.i + diJ + (Q„.i + R + di2)]/2 

= Qj,.i + R/2 +(dii + di2)/2 (3) 

25 D2 = [(Q„.i + d2i) + (Qk-i + R + d22) ] /2 

= Qk-i + R/2 +(d2i + d22)/2 (4) 

The above equations (3) and (4) suggest that each 
distance is calculated by taking an average of two distances, 
the distance from the first center S^.i and the distance from 
3 0 the second center S^, and adding the average to the distance 
(Qfc.i +R/2) . In other words, it is equivalent to the 
situation that an observer stands at the position of S^, 
(which is Qk.i +R/2 from the user position 61) and compares 
the average values (d^ + di2)/2 for POI 91 and (dai + &^^) l2 
35 for POI 92 as shown in the bottom of Figure IIB. Thus, in 



this example, the distance of the POI 91 is shorter than that 
of the POI 92, thus, the navigation system lists the POI 91 
prior to the POI 92 , 

In the above method using the equations (1) and (2) or 
5 (3) and (4) , it may not be able to distinguish the distances 

between two POIs when POI 91 and POI 92 are in the positions 
such as shown in Figure 12. Namely, in the example of Figure 
12, the POIs 91 and 92 are at the corners of parallelogram, 
thus, the average of the distances from the first center Si^.^ 

10 and the second center Sj, is the same for both the POIs 91 and 
92. Accordingly, in the case of Figure 12, the modified 
distances Dl and D2 calculated by the above equations become 
the same although the POI 92 is closer to the user. One of 
the solutions in such a situation is that the navigation 

15 system compares the distances from the first center S^_^ and 
prioritizes the shorter one (POI 92) to the other (POI 91) . 

In the foregoing, although the present invention is 
explained for the example where the first and second centers 
of the first and second region circles are used as reference 

20 points. However, these references points are not necessarily 
be the centers of the region circles but can be any two 
different points on the route 62. Thus, Figure 13 shows a 
more generalized example of the invention for determining the 
modified distance of the POIs. 

25 In Figure 13, in calculating the POI distance, a first 

reference point X^.i and a second reference point are 
defined on the route 62 to the destination. Further, similar 
to the above example, distances between the user position 
(current vehicle position) 61 and the first and second 

30 reference points Xj^^i and X^ are determined. In Figure 13, 

the distance between the user position 61 and the first 
reference Xj,_i is denoted by QX,^.i, and the distance between 
the user position 61 and the second reference point X^ is 
denoted by QX„. With use of the above parameters, the 
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modified distance Dl for the POI 91 is calculated by the 
following equation: 

Dl = [(QXk.i + diJ + (QXj, +d,2)]/2 (5) 

Figure 14 is a flow chart which summarizes the process 
5 of the present invention in order to arrange the listing 
order of POIs in the sequence that the user can actually see 
the POIs, At step 101, the user selects the "Find POI along 
Route" function of the navigation system on the screen such 
as shown in Figure 6B. Then, in step 102, the navigation 

10 prompts the user to select search ranges of the distance from 
the user position. 

As noted above with reference to Figures 9A and 9B, such 
a search operation is performed for the specified search area 
which is defined by the selected distance range along the 

15 calculated route with a predetermined width (transversal 
distance) of the calculated route. To achieve this, at step 
103, a radius R of region circle is defined to limit the area 
in the transversal direction of the calculated route. Actual 
values of the radius R can be preset in the navigation system 

20 or the user can specify the radius R. 

At step 104, based on the radius R, a plurality of 
region circles are created consecutively along the calculated 
route while defining a plurality of points (centers S^, Sj, 
S3, #Sk_i, Sk, and S^) which equally divide the route 

25 within the selected distance range. As noted above with 

reference to Figure 9B, the center is defined at a position 
on the route where the circumference of the prior region 
circle intersects. The navigation system retrieves the POIs 
within the search area and calculates the distances of the 

30 POIs. In the present invention, POIs within two consecutive 

region circles are evaluated at step 105 for determining the 
distances. For example, if the POIs in the first region 
circle are retrieved, POIs in the overlapped area by the 
first and second region circles is omitted for the search in 

35 the second circle. 
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In step 106, with respect to the two consecutive region 
circles, the navigation system calculates a distance id^i) 
between the first reference point such as the first center 
Sj^.i and a particular POI and the distance (dja) between the 
5 second reference point such as the second center Sj^ and the 

POI, respectively. Further, at step 107, the navigation 
system calculates drive lengths Q^-i and to the first and 
second centers S,^.i and S^, respectively. Based on the above 
distances, the navigation system obtains the modified 
10 distances to the POIs with use of the equations (1) and (2) 
in step 108 . 

The navigation system repeats the above procedures for 
all the search areas defined in the step 102 and compares the 
modified distances of the POIs retrieved in the foregoing 

15 process. The navigation system displays a POI name list in 
the order of modified distance obtained in the above process. 
The order of POIs listed in the POI name list matches the 
order that the user actually see the POIs rather than the 
drive lengths to the POIs, 

20 As has been described above, according to the present 

invention, the navigation system searches POIs along the 
calculate route to the destination with respect to distance 
ranges on the calculate route and allows the user to select 
the distance range to see details of the POIs therein while 

25 displaying the current user position in the distance range. 

The navigation system searches the POIs along the route to 
the destination and calculates a modified distance of each 
POI to list the POIs in the order that the user actually sees 
the POIs as he travels along the guided route to the 

30 destination. 

For determining the listing order, the method and 
apparatus of the present invention uses a plurality of region 
circles having their centers on the route to the destination, 
retrieves POIs contained in the region circles and quickly 

35 calculates a modified distance of each POI by using adjacent 
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centers of the region circles, compares the calculated 
distances and displays the POIs on the name list in the order 
of the modified distance. Consequently, the user will view 
the POI names on the name list in such a sequence that he 
5 actually sees the POI along the route to the destination. 
Therefore, the user can easily find out preferred POIs in the 
order listed in the POI list on the monitor screen. 
Moreover, the navigation system in the present invention can 
provide the user good estimation and preparation to stop by 

10 the favorite POIs along the route. 

Although the invention is described herein with 
reference to the preferred embodiments, one skilled in the 
art will readily appreciate that various modifications and 
variations may be made without departing from the spirit and 

15 the scope of the present invention. Such modifications and 

variations are considered to be within the purview and scope 
of the appended claims and their equivalents. 
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